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I. INTRODUCTION 
In plant breeding, selection of superior genotypes is hindered by 
the confounding effects of raicroenvironment variation in a test site and 
the differential reaction of the genotypes to different environments. 
The latter is referred to as genotype-environment interaction. Grain 
yield is strongly influenced by both factors. Therefore, this trait 
must be evaluated in many different environments to provide accurate 
data for use in selection. Of course, evaluating in many environments 
is feasible for only a few genotypes, usually those in advanced stages 
of testing. In early testing stages in a breeding program, many lines 
need to be evaluated, so testing can be done at only one or two sites 
because labor and funding are limited. 
Having limited funds and labor for yield testing cause plant breeders 
to innovate ways to maximize testing efficiency. One important considera­
tion is the type of test environment that will give maximum progress 
from selection (Allen et al., 1978). For Hamblin et al. (1980), the 
ideal environment for the assessment of yield potential of genotypes 
was one which predicted the productivities of the genotypes over the 
range of production environments in which the ultimate selected geno­
type would be used. Whether the ideal test site should correspond with 
stress or nonstress conditions is a continuing point argued by plant 
breeders. 
Two schools of thought exist with respect to the optimum environ­
ment for selecting for grain yield (Frey, 1964). One school says that 
2 
effective selection occurs only when the selection environment is 
nonstress. That is, only in a nonstress environment can yielding 
abilities of plant strains be differentiated. The second school argues 
that commercial crop production is almost universally done in environ­
ments that are suboptimum for one or more factors, and therefore, plant 
breeders should select in stress environments to insure that selected 
genotypes will perform well under farm production conditions. The 
literature on this subject is controversial. The results obtained seem 
to depend upon the species evaluated, the type of stress evaluated, 
the trait selected, and the method of assessment of an environment. 
One objective of this study was to evaluate the relative effici­
encies for selecting for grain yield of oats (Avena sativa, L.) in 
natural environments with capacities to produce high, medium, and low 
yields. The second objective was to evaluate the cost of making equal 
genetic gains in grain yield when testing was done in high, medium, and 
low productivity environments. 
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II, LITERATURE REVIEW 
Selecting superior yielding genotypes of plants during early genera­
tions is difficult because of soil heterogeneity within the test site, 
the large population of genotypes being evaluated, and genotype x environ­
ment interaction. 
Statistical techniques are available for controlling the effects 
of soil variation (e.g.. Fisher, 1925; Yates, 1936, 1940; Bartlett, 1938) 
and population size (e.g., Yates, 1936, 1940; Federer, 1956), or both 
(e.g., Fasoulas, 1973). 
Several approaches have been proposed to reduce the confounding 
effect of genotype x environment interaction on selection and evaluation: 
1) dividing the testing area into homogeneous subareas (e.g., Horner and 
Frey, 1957; McCain and Schultz, 1959; Liang et al., 1966); 2) estimating 
the contribution of individual genotypes to the genotype x environment 
interaction (e.g., Plaisted and Peterson, 1959); 3) regressing pheno-
typic performance onto environmental indexes (e.g., Finlay and Wilkinson, 
1963; Eberhart and Russell, 1966; Perkins and Jinks, 1968); and 4) clas­
sifying environments or genotypes with similar characteristics via numer­
ical taxonomic methods (e.g., Abou-El-Fittouh et al., 1969; Campbell and 
Lafever, 1977; Ghaderi et al., 1980; Mungomery et al., 1974; Shorter et 
al., 1977). However, none of these approaches tells whether a nonstress 
or stress environment is the most advantageous for selecting for yield. 
Several studies have been conducted on this problem (Frey, 1964; Johnson 
and Frey, 1967; Johnson, 1967; Vela-Cardenas and Frey, 1972; McNeill 
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and Frey, 1974; Shabana et al., 1980); however, the conclusions reported 
are inconclusive. 
A. Types of Stress Environments and Their 
Effect on Grain Yield 
To study the effect of soil fertility, moisture, density of plants, 
and temperature fluctuations upon selection of high yielding genotypes, 
each factor has been varied to provide a range of environments from 
"stress" to "nonstress" (Frey, 1964). The nonstress environment was 
considered to be one that produced maximum yields. 
A definition for a stress environment was given by Johnson and Frey 
(1967) as "stress is a word used to describe environmental conditions 
that curtail or limit plant productivity." The same authors pointed out 
that stress to describe an environment is a relative term. 
Most studies conducted to evaluate stress environments for selec­
tion have made use of artificial conditions, i.e., manipulating a single 
variable within a test site. For example, Johnson and Frey (1967) varied 
levels of phosphorus, nitrogen, or planting dates within a single test 
site, and Vela-Cardenas and Frey (1972) varied soil fertility, planting 
date, and planting density in contiguous plot areas. 
In contrast, McNeill and Frey (1974) used natural environments with 
different productivity capacities and their values for selection. They 
said, 
with a set of environments created by varying a single 
component, all other components would be rather constant 
and little genotype x environment interaction might be 
expected, but with a set of natural environments several 
to many components probably would vary simultaneously and 
the magnitude and make-up of genotype x environment inter­
action would be unpredictable. 
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Vega and Frey (1981) studied the value of environments for selection 
when several environmental factors were manipulated simultaneously. 
A confounding effect is that, what is a stress for one trait may 
be nonstress for another trait (Johnson and Frey, 1967). This situation 
is common in corn (Zea mays, L.) selection experiments. Russell and 
Teich (1967) remarked that for yield, stress can be defined either from 
the standpoint of grain yield per plant or grain yield per unit of land 
area. For oats, Johnson and Frey (1967) found that plant weight, number 
of panicles per plot, and grain yield increased with increasing incre­
ments of N applications, but 100-seed weight and spikelets per panicle 
decreased. Further, Vela-Cardenas and Frey (1972) reported that normal 
and high density sowing rates were best for selecting plant height and 
grain yield, but low density was optimum for selecting spikelets per 
panicle. Therefore, the definition of an optimal or ideal environment 
for selection probably needs to be specified for each factor of stress 
and trait selected. 
B. Evaluation of Environments 
Usually defining a selection environment as stress or nonstress, 
with respect to grain yield, is based upon productivity of the crop when 
grown in the environment. If the yield is low, it signifies that some 
kind of stress was present. However, mean productive capacity of an 
environment is not necessarily a good indicator of its merit for 
selection. McNeill and Frey (1974), using natural environments for 
oat experiments, found no association between the relative productivities 
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of the environments and certain statistics used as evaluators for 
success from selection. 
Frey (1964) conducted selection over five consecutive generations 
of oats in contiguous stress and nonstress environments and found it 
was easier to make meaningful selection for yield in a nonstress 
environment. Johnson and Frey (1967) found that both genotypic and 
environmental variances become larger as productive capacity of the 
trial site increased. The increase in genotypic variance in the non-
stress environments indicated greater differentiation among genotypes, 
but the simultaneous increase of environmental variance offset the 
increased genotypic variance with the result being no improvement in 
the reliability of selection. 
A statistic that summarizes the relationship between genotypic and 
environmental variances is "heritability" (Dudley and Moll, 1969). It 
has been used by many researchers as a criterion for identifying the 
best environments for selecting for grain yield (e.g.. Gotoh and Osanai, 
1959a, b; Kariya and Yamamoto, 1963; Frey, 1964; Johnson and Frey, 1967; 
Byth et al., 1969; Vela-Cardenas and Frey, 1972; McNeill and Frey, 1974; 
Allen et al., 1978; Quisenberry et al., 1980; Vega and Frey, 1981; 
Rumbaugh et al., 1984). In general, these studies showed that highest 
heritability values were obtained in nonstress environments. However, 
Johnson and Frey (1967) reported that heritability was not consistently 
increased by reduced stress; rather it depended on the relative changes 
that occurred in genotypic and environmental variances. Pederson and 
Rath]en (1981), from a study of grain yield of spring wheat (Triticum 
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aestivum, L.)> concluded that a site which invariably gave high yield 
and heritability was not necessarily the best site for selection. Thus, 
heritability may not be a good statistic in evaluating environments for 
selection. 
A statistic closely related to heritability is "expected genetic 
gain." Vela-Cardenas and Frey (1972) referred to it as "the statistic 
that combines all features of an environment into an expression of the 
success expected from selection." It is a function of both heritability 
and selection differential. Vela-Cardenas and Frey (1972) reported a 
perfect coincidence in the optimum environment when chosen by heritability 
and expected genetic gain from selection. Expected genetic gains have 
been used to evaluate environments for selection by Johnson (1967), 
Rasmusson and Glass (1967), Byth et al. (1969), Vela-Cardenas and Frey 
(1972), Daday et al. (1973), Allen et al. (1978), Vega and Frey (1981). 
According to Cornstock and Moll (1963), however, heritability and expected 
gain from a single site are not adequate criteria to identify environ­
ments in which selection would be effective. 
The most desirable environment for selection, from a practical point 
of view, is the one that provides the largest genetic advance. This 
statistic, according to McNeill and Frey (1974), is the most comprehen­
sive one for evaluation of environments for selection. Byth et al. 
(1969) considered it to be the only accurate criterion for comparing 
the relative values of selection procedures in the presence of large 
genotype x environmental interaction. These authors tested strains of 
soybeans (Glycine max, (L.) Merrill) at three productivity levels, non-
stress, irrigated, and moisture stress and used actual gain, heritability. 
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and expected gain as evaluator indexes. The nonstress environment gave 
the highest values for all indexes, but actual yield advance was essen­
tially equal for all three environments. In contrast, Vega and Frey 
(1981), also using natural environments to test oats, found a perfect 
association in the way that these three statistics evaluated environments 
for grain yield selection. Actual genetic gain was used by McNeill and 
Frey (1974), Quisenberry et al. (1980), and Shabana et al. (1980) as 
criterion for the value of environments for grain yield selection. 
Genetic coefficient of variation has been used to assess the rela­
tive values of environments for selection, but it showed no association 
with environmental means (McNeill and Frey, 1974). 
Cluster analysis and principal coordinate analysis were suggested 
by Shorter et al. (1977) to assess test sites for the early generation 
evaluation of breeding lines. Fox and Rosielle (1982) used these tech­
niques with a reference set of cultivars to measure the relationship 
between a set of environments and a breeding target. They found that 
pattern analysis was only slightly better than unweighted means. Cluster 
analysis was suggested by Ghaderi et al. (1980) for selecting sites that 
would retain genotypes with broad adaptation. 
A statistic, ri^ , that takes genotype x environment interaction 
into account was proposed on theoretical bases by Allen et al. (1978) . 
The interaction is measured by r, which is the correlation between a 
genotype's yield in one test environment and its overall genotypic worth, 
and H is the heritability percentage for yield in the test environment. 
They estimated H, and expected genetic gain from favorable, medium. 
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and unfavorable environments and found that the differences among environ­
ment classes were overestimated where H and expected genetic gain were 
used as evaluators. Therefore, was concluded to be the best evaluator 
of environments. 
The correlation between the performance of strains at one site and 
their performance across a large number of sites was used by Hamblin et 
al. (1980) to select a site for early generation yield testing of wheat. 
This method identified a combination of sites that produced significant 
gain over years and sites. McNeill and Frey (1974) and Brennan and Byth 
(1979) used the same criterion for evaluating test environments, they 
observed a good relationship between this statistic and actual gains in 
the test environments. 
Hamblin et al. (1980) argued that optimum environment for selection 
could not be defined in terms of stress or nonstress. They said that a 
better approach would be to define the attributes of an ideal site for 
selection and then attempt to identify or construct it. 
Brown et al. (1983) presented a two-step method to identify optimum 
selection sites, which first clusters test sites based on selected 
environmental variables and second identifies optimum selection sites 
within clusters by linear regression on genotypic indexes. 
C. Environments for Selection 
The effect that the productivity level of an environment has upon 
efficiency of selection among genotypes is controversial. According to 
Frey (1964) , two theories exist regarding an optimum environment for 
testing the yield capacities of strains of small grains. One theory is 
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that the optimum environment for selection is that which puts little or 
no stress on the genotypes being tested. Under this condition, a geno­
type can develop its complete genotypic potential, and thus the best 
genotype in an optimum environment will be the best in any environment. 
The other theory reasons that most commercial crop production occurs under 
stress for one or more environmental factors and, thus, genotypes superior 
under sub-optimum environment will be best for commercial production. 
Frey (1964) tested both theories by evaluating and selecting oat 
strains in using adjacent stress and nonstress test sites. He concluded 
that the nonstress site was a better environment for the differentiation 
of strains that were both high yielding and widely adapted. Also, 
Johnson and Frey (1967) concluded that selection should be done in non-
stress environments. Johnson (1967) found that a high-productivity 
environment permitted more efficient selection for yield when this trait 
was the sole selection criterion, and Vela-Cardenas and Frey (1972) 
stated that normal and high density environments were best for maximizing 
predictive statistics for grain yield. Shabana et al. (1980) reported 
that high-productivity environments differentiated high yielding lines 
best, but gains from selection under high or low productivities both 
were superior to that from medium productivity, whereas Vega and Frey 
(1981) showed that the optimum environment for selection for grain yield 
was one with high-productivity conditions. Krull et al. (1966), Roy 
and Murthy (1970), and Brennan and Byth (1979) concluded that a high-
fertility environment should be used in the testing of wheat for grain 
yield. For alfalfa (Medicago sativa, L.), Daday et al. (1973) showed 
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that a low productivity environment may limit response to selection. 
Salter et al. (1984) found that response to selection for yield was 
reduced 30 and 55% when intermediate and low moisture environments were 
used instead of a high-moisture one. For soybeans, Mederski and Jeffers 
(1973) concluded that a soil with no moisture stress was optimum for 
yield selection, and with cotton (Gossypium hirsutum, L.), Quisenberry 
et al. (1980) found that lint yield was high in all production environ­
ments for strains selected in an optimal environment. 
Supporting the theory that selection should be made under stress 
environments, Gotoh and Osanai (1959b), using wheat, found that lines 
with wide adaptability to various fertilizer regimes were selected most 
frequently in low fertility sites. They (Gotoh and Osanai, 1959a) also 
found that the highest yielding progenies were selected at low density. 
For soybeans, Hinson and Hanson (1962) concluded that selection should 
be done under conditions that closely resemble farm practices. Later, 
Byth et al. (1969) showed that use of optimal environments to improve 
predictions of genetic advance may be of little practical value for soy­
bean selection. Kariya and Yamamoto (1963) reported that rice (Oryza 
sativa, L.) strains selected at low planting density were high yielding. 
St. Pierre et al. (1967) found that a stress environment differentiated 
barley (Hordeum vulgare, L.) strains better than did a nonstress 
environment. Allen et al. (1978), working with wheat, barley, oat, 
soybeans, and flax (Linum usitâtisimum, L.), found no difference among 
high, low, or intermediate environments for selecting yield in those 
last three crops. Rumbaugh et al. (1984), working with alfalfa. 
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obtained largest genetic gains for yield in intermediate produc­
tivity environments. Weber (1957), working in soybeans, found no 
differences in mean yield of lines selected at three planting densities. 
Allard and Bradshaw (1964) and Rosielle and Hamblin (1981) pointed 
out that assessment of breeding lines should be done under conditions 
as similar as possible to those in which the lines will be used. 
D. Efficiency of Experiments for Selection 
A primary way to increase genetic gain from selection is to reduce 
the variance of a genotypic mean, and this variance can be reduced by 
increasing the number of estimates that go into the mean. The optimum 
number and allocation of estimates to years, locations, and replications 
has been studied by several researchers (e.g., Jones et al., 1960; Miller 
et al., 1961; Liang et al., 1966; Rasmusson and Glass, 1967; Kalsikes, 
1971; Russell et al., 1978). Most show that years and locations had 
more effect than replications in reducing the variance of a cultivar 
mean. For example, Sprague and Federer (1951) reported that expected 
genetic gain increased more rapidly with an increase in locations or 
years than with added replications. However, when costs of experimenta­
tion were considered, the cost per plot decreases very rapidly with a 
larger number of plots per location, but the cost per plot increases 
with a greater number of locations. This suggests that efficiency of 
selection should be based on cost per unit of genetic gain (Dudley and 
Moll, 1969). 
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III. MATERIALS AND METHODS 
A. Genetic Material 
The material for my study consisted of 179 random oat lines derived 
by Adegoke (1979). He tested these lines in 12 environments 
B. Field Experiment 
The 179 oat lines were evaluated for grain yield (GYLD) in environ­
ments with varying productivity levels. Test sites were chosen on the 
basis of long-term oat yields at outlying experimental farms managed by 
Iowa State University. The high, medium, and low productivity environ­
ments occurred at the Northwest Research Center near Sutherland, the 
Northern Research Center near Kanawha, and the Western Research Center 
near Castana, respectively. 
The oat lines and check cultivars were tested in each environment 
during 1983 and 1984 in a randomized complete block design (RCBD) with 
six replications. The 179 oat lines were randomly assigned to two sets, 
one with 93 and the second with 86, and eight checks were added to each 
set: thus, the sets contained 101 and 94 entries. The land area of 
each replication was divided in two blocks, and sets were randomly 
assigned to the blocks. Subsequently, entries within a set were randomly 
distributed to plots within blocks. Dummy plots were included to bring 
each block up to 108 plots. 
A plot was a hill sown with 30 seeds, and hills were spaced 30,5 cm 
apart in perpendicular directions. Each replication was surrounded by 
two rows of hills to provide competition for peripheral plots. 
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In 1983, the sowing dates were 26 and 27 April and 9 May for Castana 
(C3), Kanawha (K3), and Sutherland (S3), respectively. In 1984, the 
experiments were sown on 21 April at Kanawha (K4) and 25 April at Suther­
land (84) and Castana (C4). Plot areas were hand weeded and a fungicide, 
Bayleton, was applied at anthesis to preclude infection by fungal foliar 
pathogens. When mature, the plants in each plot were harvested, air-
dried, and threshed, and the grain was weighed to estimate grain yield. 
C. Statistical Analysis 
To remove block effects within a replication, the means of the lines 
within blocks were adjusted according to the difference of the means for 
the checks in the two blocks. 
Genotypic values for GYLDs of the oat lines were estimated by com­
puting line means from data collected by Adegoke and Frey (1980). They 
tested the oat lines in 1978 in 12 environments, with a wide range of 
productivity capacities due to differential fertilization, planting 
dates, and experimental sites. These 12 environments comprised a repre­
sentative sample of the agricultural production conditions in Iowa. 
Seven methods of assessment were used to compare the effectiveness 
of selection for GYLD at the three productivity levels. First, the GYLDs 
of the lines from each productivity level were correlated with the geno­
typic values. From this method, the best environment for evaluating 
oat lines for GYLD would be the one that gave the highest correlation 
coefficient. This method also was applied to experiments within produc­
tivity environments. 
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Second, I characterized each productivity level for its ability 
to identify the highest yielding oat lines. For this, I calculated the 
number and percentage of oat lines in the top 10, 25, 50, 75, and 90% 
intervals for GYLD genotypic values that were retained in the highest 
10, 25, 50, 75, and 90% of the lines when tested in the low, medium, 
and high productivity environments. The same procedure was applied to 
experiments within productivity environments. 
The third method of assessment consisted of evaluating the capacity 
of the high, medium, and low productivity environments to select the 
same set of lines in both years. This method consisted of comparing 
the GYLD distribution for each productivity level with the genotypic 
value distribution and using selection intensities of 10, 25, 50, 75, 
and 90%. Three statistics were computed: a) the percentage of lines 
retained in both years when a given selection intensity was used and 
also occurred in the stratum of genotypic values that corresponded to 
the selection intensity, b) the percentage of lines in both years when 
a given selection intensity was used and that did not occur in the stratum 
of genotypic values that corresponded to the selection intensity, and 
c) the percentage of lines in a genotypic value stratum that were not 
selected in both years at the corresponding selection intensity. 
For the fourth method, the three productivity levels were evaluated 
for the actual genetic gain from selection that each level provided. 
For this procedure there were several steps. First, I chose samples 
of lines that corresponded to the top 10, 25, 50, 75, and 90% intervals 
for GYLD within each productivity level. Then, I computed the actual 
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mean of each sample by using the genotypic values for the lines in the 
sample. An "actual genetic gain" was obtained by subtracting the popu­
lation mean from the actual mean for each sample. Next, I obtained the 
means for the lines in the top 10, 25, 50, 75, and 90% intervals of 
genotypic values, and "maximum possible genetic gains" were obtained by 
subtracting the population mean from the genotypic values. Finally, 
each sample actual genetic gain was expressed as a percentage of maximum 
possible genetic gain. This procedure was also applied to experiments 
within productivity levels. 
The fifth method of assessment consisted of computing expected gains 
in GYLD from each productivity level and actual gains from the genotypic 
values. Expected gains were calculated by the formula: 
Expected gain = rS , 
where r is the standard unit heritability (Frey and Horner, 1957) and S 
is the selection differential between selected sample and population 
means. Both expected and actual gains were expressed as percentage of 
the corresponding population means. This method was used for samples 
with selection intensities of 10, 25, 50, 75, and 90%. The procedure 
was also applied to experiments within productivity environments. 
The sixth method used to compare the effectiveness of the three 
productivity levels for selecting oat lines for GYLD was based on vari­
ance component heritability. Analyses of variance were performed for 
the six selection experiments, across experiments within environments, 
and across the three productivity levels according to a randomized 
complete block model: 
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^i3 
= M + R. + G. + e.. 
3 1 13 
and 
where 
Y.. or Y... = GYLD for the designated plot; ij ijk 
M = overall mean; 
= the effect of the jth replicate in the kth environment; 
E, = the effect of the kth environment; k 
G  ^= the effect of the ith genotype; 
(GE)^j^ = the interaction effect between the ith genotype and the 
e.. or e.= the residual effect for the designated plot, 
13 13 k 
Generalized analyses of variance for RCBD in a single environment and 
across environments are given in Tables 1 and 2. Lines and environments 
were considered to be random for estimating variance components from 
expected mean squares. 
Variance component heritability (H) was computed on a per plot 
basis for each experiment by using the formula: 
kth environment; and 
where 
a = the genotypic variance in an environment, and 
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Table 1. Relevant sources of variation, degrees of freedom, and expected 
mean squares from an analysis of variance for a RCBD in one 
environment 
Source of Degree of Expected 
variation freedom^ mean squares 
Lines g-1 
Error (g-1)(r-1) 
W^here g = number of lines and = number of replications. 
Table 2. Relevant sources of variation, degrees of freedom, and expected 
mean squares from a combined analysis of variance for a RCBD 
Source of 
variation 
Degree of 
freedom^ 
Expected 
mean squares 
Lines (g) (g-1) 
gxE (g-1)(e-1) + "gE 
Error (g-l)e(r-I) 
^Where g = number of lines, r = number of replications, and e = number 
of environments. 
2 
a = the error variance in an environment. 
e 
H was calculated on a per plot basis for each productivity level by using 
the formula: 
2 
H = 
2 2 2 ' 
where 
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2 
= genetic variance in a productivity level; 
2 
= the genotype by year interaction variance in a productivity 
level; and 
2 
= the error variance associated to a productivity level. 
H also calculated on a per plot basis across productivity levels within 
a year by using the formula: 
H = & 
2 2 2 ' 
a + + 0 
g gL e 
where 
2 Og = genetic variance from a combined analysis; 
2 
= the genotype by location-environment interaction variance; and 
2 0^ = error variance associated to the combined analysis. 
Finally, H was calculated on a per plot basis across productivity levels 
and years by using the formula: 
2 
H = 
9 2 1 2 2 ' 
"s + + "g! + %Y1 + 
where 
2 2 2 2 2 2 
Og, Oy, 0^, OgY» Og as defined before, and 
2 OgYL ~ the second order interaction variance from the combined 
analysis. 
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The seventh method of assessment was that proposed on theoretical 
ground by Allen et al. (1978). They proposed the expression r*4ï as the 
proper measure to test environments, where H was heritability as defined 
by Johnson and Frey (1967), and r is the correlation of the value of a 
genotype in a given test environment with the value of the genotype rela­
tive to the entire population of environments in which a selected geno­
type would be used. 
D. Economical Analysis 
Cost of experimentation per plot was used to assess cost per unit 
of genetic advance in grain yield for each of the three productivity 
environments. 
To estimate the cost per plot, the costs involved in testing were 
classified in four categories; 
1) Costs associated with preparation for planting. The items in 
this category were packeting seed, randomizing packets into 
planting order, label preparation, land preparation, and 
materials. Labor cost was $7.50 per hour. The estimated 
cost per plot in this category was $0.41. 
2) Costs associated with sowing, plot care, and harvesting. The 
items in this category were marking the experimental site, 
sowing, weeding, fungicide application, taking notes, harvesting. 
The estimated cost per plot related to this category was $0.74. 
3) Cost associated with travel. To determine this cost, it was 
assumed that an average round trip to each location was 200 
miles, and the vehicle cost per mile was $0.30. Travelling 
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time was four hours per round trip and five trips were made to 
each location during the experimental season. Cost of meals and 
lodging were calculated at $15.00 and $4.50 per day, respectively. 
Cost per plot for this category was $0.49. 
4) Costs associated with threshing, data collection, and computation. 
Items in this category were time spent threshing, data collec­
tion, statistical analyses, and machinery costs. Cost per plot 
for this category was $0.35. 
The total cost per plot considering all the categories was $1.99. 
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IV. RESULTS AND DISCUSSION 
The relative capacities of the three environments to produce high, 
medium, and low yields were reflected in the GYLD means of the check 
cultivars. When averaged over years, the GYLDs for the medium and low 
productivity environments were only 75 and 29%, respectively, of the 
high one (Table 3). The trend was similar within years. 
The GYLDs from 1983 were lower than those from 1984 in all environ­
ments, but the largest year effect occurred with the high productivity 
environment. Probably much of the year effect on high productivity 
environment was due to the late planting date in 1983. The effect of 
late planting date was more severe on experimental lines than it was on 
check cultivars. 
The mean for the experimental oat lines was always higher than that 
of the checks for the same environment, but the pattern of performance 
across environment and years was similar regardless of whether GYLDs of 
experimental lines or check cultivars were used for assessment. The 
standard deviations for the distributions of line means for productivity 
environment-year combination and environments across years (Table 4) were 
associated with the environment means. 
A. Efficiency of Environmental Productivity 
Levels for Selection 
The efficiency of environments of different productivity levels for 
selection of desired plant genotypes could be assessed by using three 
approaches; 
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Table 3. Means for oat check cultivars for GYLD in each year and over 
years for the high, medium, and low productivity environments 
Productivity environment (kg ha ) 
Year High Medium Low 
1983 1781 1293 519 
1984 2119 1616 603 
Mean 1950 1455 561 
Table 4. Means and standard deviations (st. dev.) for GYLD of oat experi­
mental lines in each year and over years for the high, medium, 
and low productivity environments 
Productivity environment (kg ha 
High Medium Low 
Year Mean St.dev. Mean St.dev. Mean St.dev. 
1983 1900 288 1656 266 700 171 
1984 2391 325 1816 280 699 126 
Combined 2146 393 1736 284 700 150 
a) estimating statistical efficiencies such as is commonly done when 
evaluating different experimental designs (Sahagun-Castellanos, 
1985). Statistics commonly used to compare different experimental 
designs are coefficient of variation, ratio of environmental 
variances, etc. Such statistics are of limited value, however, 
for comparing selection efficiencies because they are based 
only upon error variances; 
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b) estimating the success from selection in various environments 
via a series of statistics that are meaningful to plant breeders. 
Examples of such statistics are correlation, heritability, gains 
from selection, etc.; and 
c) expressing the efficiency of selection in economic terms, e.g., 
the cost per unit of gain. 
The latter two approaches were used in this study to evaluate high, 
medium, and low productivity environments for efficiency of selecting 
oat lines for grain yield. For approach b), I used seven methods: 1) 
correlation coefficient between the GYLDs of lines from evaluation 
environments and the genotypic values for the same lines, 2) percentages 
of the lines superior for GYLD genotypic values that were identified as 
superior in the three productivity environments, 3) ability to identify 
the same lines as superior in two consecutive years, 4) actual gain in 
genotypic values from selection in the three productivity environments, 
5) comparison of expected and actual gains from selection for GYLD, 6) 
variance component heritabilities, and 7) r/H statistics. 
1. Correlation coefficients 
Correlation coefficients between line genotypic values for GYLD and 
the GYLDs of the lines estimated in the low, medium, and high productivity 
environments are given in Table 5. The correlations involving GYLDs 
from the high and medium productivity environments were positive and 
highly significant within and across years, whereas these for the low 
productivity environment, although positive, were not significantly 
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Table 5. Correlation coefficients between GYLD genotypic values and the 
GYLDs of the oat lines in each year and over years in the high, 
medium, and low productivity environments 
Productivity environment 
Year High Medium Low 
1983 0.32** 0.37** 0.09 
1984 0.38** 0.33** 0.10 
Combined 0.42** 0.43** 0.11 
** 
Significant at 1% level. 
different from zero. The correlations for high and medium productivity 
environments were quite similar. In fact, when computed across years, 
they were nearly identical. As one would expect, the correlations for 
high and medium productivity environments were higher when computed 
across years than when computed within years. This happened because 
data from two years provided more precise estimates of the genotypic 
values of the oat lines than did either year alone. Deviations due to 
genotype x environment interaction tended to be cancelled out when data 
from two years were averaged. Correlations shown by the low productivity 
environment were low because the genotypic values of the oat lines 
were poorly estimated under this condition. 
The correlation between genotypic (estimated by Adegoke and Frey, 
1980) and phenotypic (estimated in my experiments) values is a measure 
of how well the genotype is estimated by the phenotype; therefore, the 
environment that provides the higher correlation between these two 
estimates of yielding abilities of the lines should be the more 
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successful one for selection (Keuls and Sieben, 1955). That is, this 
environment provides a higher probability of selecting the better 
genotypes. Therefore, more rapid progress from selection should be 
expected from this environment than from an environment that gives a 
lower correlation. 
Correlation coefficients, when used as a criterion to evaluate 
environments for success in selecting for GYLD of oat lines, showed 
that high and medium productivity environments provided a better evalu­
ation of the genetic capacities of the lines than did the low productivity 
one. McNeill and Frey (1974), Brennan and Byth (1979), and Hamblin et al. 
(1980) used correlations between the means of lines from individual 
environments and their mean yields over a larger set of experiments as 
a criterion for identifying the best test site for selecting for yield 
of oats, soybeans, and wheat, respectively. Hamblin et al. (1980) pointed 
out, however, that this approach has a weakness because only occasionally 
is a large enough data set available to provide accurate estimates of 
genotypic values. In my study, this weakness did not exist because 
genotypic values for lines were estimated from a large set of environ­
ments representative of the range of those used for oat production in 
Iowa and the line experimental values were collected from two years. 
Allen et al. (1978) suggested that variation in the macroenvironments 
used for testing can be quantified by the magnitude of the correlations; 
that is, as the correlation between environments approaches 1.0, it 
shows the absence of genotype x environment interaction. 
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Both high and medium productivity environments showed equal corre­
lations in my study, but this does not necessarily mean that both 
environments were evaluating the experimental lines similarly. A 
situation could exist where two environments could identify quite dif­
ferent sets of lines as being superior, but correlations for them would 
still be significant and equal due to the remainders of lines in the 
GYLD arrays showing a reasonably good association. Of course, the 
opposite situation could occur also, i.e., two environments could 
evaluate nearly the same set of superior lines, but the remainder of 
the arrays would not correspond very well. In the first case, selection 
would be unsuccessful and in the second it would be successful; yet the 
correlations could be of similar magnitude for both instances. Thus, 
correlations between genotypic and experimental values for GYLD do not 
indicate whether the really superior genotypes will be selected in a 
given environment. 
2. Ability of productivity environments for identifying lines with 
highest genotypic values for GYLD 
The second method used for comparing the relative worth of high, 
medium, and low productivity environments for selecting lines with 
superior genotypic values for GYLD, measured the percentages of the 
superior genotypes that were retained when the top 10, 25, 50, 75, and 
90% of lines were selected in each environment. These percentages are 
given for the 1983 and 1984 experiments in Tables 6 and 7, respectively. 
The percentages of lines retained from the top decile of genotypic 
values by selecting in S3 and C3 were about the same as the proportion 
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of lines selected (Table 6). However, selection in K3 caused the reten­
tion of a much greater proportion of the top decile of lines than the 
selection intensity. For example, at the 10 and 25% selection intensi­
ties, 26 and 42%, respectively, of the top decile were retained. Whereas 
K3 was superior to S3 and C3 for retaining lines in the top decile of 
genotypic values, all three environments were quite similar in the propor­
tion of the top quartile of lines retained with a 25% selection intensity. 
The proportion retained was 36, 38, and 31%, respectively, in 83, K3; and 
C3. In general, however, K3 which represented a medium productivity 
level was the most successful environment for identifying lines with 
superior genotypic values for GYLD. 
In 1984, the percentage of lines from the top decile of genotypic 
values that was retained with a 10% selection intensity for GYLD was 
26% in both S4 and K4 whereas only 16% was retained in C4 (Table 7). 
At all selection intensities except the 90% level, the proportions of 
the top decile, quartile, or half of truly superior lines were greater 
than the selection intensities in S4 and K4, i.e., the high and medium 
productivity environments. However, in C3, the percentages of lines 
retained in the top decile, quartile, and half of genotypic values were 
approximately the same as the selection intensities. 
When a 10% selection intensity was used, S4, K3, and K4, which were 
high and medium productivity environments, were consistent in identify­
ing about a quarter of the lines in the top decile of genotypic values, 
whereas in S3, C3, and C4, the selection intensity and percentage of the 
truly high-yielding lines were about equal. C3 and C4 were low produc­
tivity environments, but S3 was the high productivity environment in 
Table 6. Percentages of lines in the top 10, 25, 50, 75, and 90% intervals of genotypic values that 
were retained with 10, 25, 50, 75, and 90% selection intensities when lines were evaluated 
in the high, medium, and low productivity environments in 1983 
Genotypic Productivity environment 
value S3 K3 C3 
interval 10 25 50 75 90 10 25 50 75 90 10 25 50 75 90 
10 11 32 58 79 90 26 42 68 84 90 11 32 47 63 74 
25 36 58 82 98 38 69 89 96 31 51 76 87 
50 60 85 99 63 88 96 56 75 91 
75 78 95 84 94 75 91 
90 92 92 92 
Table 7. Percentages of lines in the top 10, 25, 50, 75, and 90% intervals of genotypic values that 
were retained with 10, 25, 50, 75, and 90% selection intensities when lines were evaluated 
in the high, medium, and low productivity environments in 1984 
Genotypic Productivity environment 
value S4 K4 C4 
Interval 10 25 50 75 90 10 25 50 75 90 10 25 50 75 90 
10 26 47 74 84 90 26 42 63 90 90 16 26 53 68 74 
25 44 78 89 96 44 64 82 91 27 51 73 82 
50 62 81 97 57 82 94 54 76 89 
75 80 94 81 95 76 91 
90 91 93 91 
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1983. S3, however, was sown at a late date, and this must have been a 
stress factor that caused it to be poor for selecting oat lines with 
high genotypic values for GYLD. Planting date has been shown by Johnson 
and Frey (1967), Frey and Maldonado (1967), Vela-Cardenas and Frey (1972), 
and McNeill and Frey (1974) to be a stress factor that causes considerable 
genotype x environment interaction. 
In any one experiment, genotype x environment interaction can be an 
important factor in the degree of success from selection (Sprague and 
Federer, 1951; Horner and Frey, 1957; Eberhart and Russell, 1966). To 
overcome this confounding factor, I combined experiments for each produc­
tivity level across years and used the combined data for selection. 
With the combined data, the high productivity environment was superior 
to either the medium or low environments for retaining oat lines in the 
top decile of genotypic values (Table 8). It was especially superior 
when 10 and 25% selection intensities were used. For example, with a 
10% selection intensity, 37, 26, and 16% of the top decile of lines were 
retained in the high, medium, and low productivity environments, 
respectively. The high and medium productivity environments were 
about equal in identifying lines in the top quartile of genotypic values, 
and both were considerably superior to the low productivity one. Thus, 
my study indicates that superior yielding lines expressed their greater 
productivity potential better in the high productivity environment than 
in the medium or low ones. 
Another way to compare effectiveness of selection in high and low 
productivity environments is as follows. In the high productivity 
Table 8. Percentages of lines in the top 10, 25, 50, 75, and 90% intervals of genotypic values that 
were retained with 10, 25, 50, 75, and 90% selection intensities when lines were evaluated 
in the high, medium, and low productivity environments over two years 
Genotypic Productivity environment 
value High Medium Low 
interval 10 25 50 75 90 10 25 50 75 90 10 25 50 75 90 
10 37 53 68 90 90 26 42 73 90 90 16 26 58 63 74 
25 51 64 89 96 51 73 86 93 24 56 73 82 
50 61 88 98 65 85 94 58 76 89 
75 81 94 84 96 76 91 
90 92 93 91 
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environment, 37% of the top decile of genotypic values were retained 
with a 10% selection intensity, but to retain a comparable percentage 
in the low productivity environment the selection intensity would need 
to be relaxed to near 40%. These results corroborate those of Baihaki 
et al. (1976) who pointed out that under poor environmental conditions 
the selection intensity should be relaxed to avoid missing superior 
genotypes. 
Shabana et al. (1980) used this criterion to assess selection 
environments and they reported that high and low productivity environ­
ments were equal for selecting truly good yielding entries. However, 
their study was conducted with selection and evaluation experiments 
carried out in the same year. In contrast, my study made use of selec­
tion experiments carried out in 1983 and 1984 and evaluation experiments 
to establish genotypic values carried out in 1978. Thus, my study 
included much greater opportunity for the expression of genotype x 
environment interaction for GYID than did that of Shabana et al. (1980). 
Consistency in the percentages of superior lines retained by selec­
tion in both years of one productivity level was an important criterion 
in judging the optimum productivity environment for selecting for GYLD. 
However, this criterion did not indicate whether the same lines were 
selected during both years of one productivity environment. Identification 
of the same superior oat lines in both years at one productivity is a 
more refined criterion for judging the relative values of high, medium, 
and low productivity environments for selecting for GYLD. 
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3. Ability of the productivity environments in identifying the same high 
yielding oat lines in consecutive years 
A third criterion for evaluating the relative values of the high, 
medium, and low productivity environments for GYLD selection assessed the 
abilities of the environments to select the same oat lines in successive 
years. Three situations were identified from each productivity environ­
ment: a) lines selected in the top decile in both years that corresponded 
with lines in the top decile of genotypic values; b) lines selected in 
the top decile in both years but did not occur in the top decile of geno­
typic values, and c) lines not selected in the top decile in either year 
but did occur in the top decile of genotypic values. This process was 
repeated for the top quartile and the top half also. 
a. Percentages of oat lines selected in both years that correspond 
with superior genotypic values No oat line from the top decile of 
genotypic values was selected at the 10% intensity in both high produc­
tivity experiments (Table 9). For the medium productivity environment, 
16% of the lines in the top decile of genotypic values were selected in 
both years, whereas the comparable percentage for the low productivity 
environment was 5%. When 25 and 50% selection intensities were applied, 
the percentage of lines in the upper quartile and half of genotypic 
values that were retained were about 17 and 40%, respectively, for all 
three productivity environments. Late planting in the high productivity 
environment in 1983 affected the way in which this environment evaluated 
lines in the top decile in genotypic values, but it seemed to have 
little effect on the evaluation of lines in the upper quartile or half. 
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Table 9. Percentages of oat lines in the top 10, 25, and 50% intervals 
for genotypic values for GYLD that were retained when correspond­
ing selection intensities were applied to the two experiments 
grown in the high, medium, and low productivity environments 
Genotypic 
value Productivity environment 
interval High Medium Low 
10 0.0 15.8 5.3 
25 17.8 17.8 15.6 
50 40.5 37.1 40.5 
All three productivity environments were about equal for this criterion 
when judged on the basis of the upper quartile or half of lines for geno­
typic values. 
b. Percentages of lines selected in both years that did not occur 
in corresponding interval of genotypic values To select inferior lines 
in both years of testing would be an undesirable result because it would 
show that an environment provided a low probability of selecting the truly 
superior genotypes. With a selection intensity of 10%, 5, 10, and 26% 
of the lines chosen in both years of the high, medium, and low productivity 
environments, respectively, did not occur in the top decile of genotypic 
values for GYLD (Table 10). At the 25 and 50% selection intensities, 
the percentages of lines with inferior genotypic values were about 18 
and 22%, respectively, for all three productivity environments. Perhaps 
it is this type of result that caused Shabana et al. (1980) to conclude 
that lines selected under high and low productivity conditions had equal 
probabilities of being truly superior. 
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Table 10. Percentages of oat lines that were not in the top 10, 25, and 
50% intervals for genotypic values for GYLD that were selected 
when corresponding selection intensities were applied to the 
two experiments grown in the high, medium, and low productivity 
environments 
Selection intensities 
in the two environ­
ments of a produc- Productivity environment 
tivity level High Medium Low 
10 5.3 10.5 26.3 
25 15.6 20.0 17.8 
50 21.4 21.4 22.5 
c. Percentages of lines with superior genotypic values that were not 
selected in either year At the 10% selection intensity in the low 
productivity environment, 79% of the lines in the top decile of genotypic 
values were not selected in both years of testing (Table 11). Comparable 
values were both 63% for the high and medium productivity environments. 
Even more disturbing is the fact that more than one-third of the lines 
in the upper quartile of genotypic values would be lost if this criterion 
was applied with a 25% selection intensity in the high and medium produc­
tivity environments. 
The results from application of this criterion showed that the high 
and medium productivity environments were about equal for retaining lines 
with genotypic values in the upper decile or quartile. It is very dis­
turbing, however, to realize that application of this criterion of selec­
tion, i.e., a line must be in the upper 10% of both selection experiments. 
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Table 11. Percentages of oat lines in the top 10, 25, and 50% intervals 
for genotypic values for GYLD that were not retained when 
corresponding selection intensities were applied to the two 
experiments grown in the high, medium, and low productivity 
environments 
Genotypic value Productivity environment 
interval High Medium Low 
10 63.2 63.2 79.0 
25 37.8 35.6 57.8 
50 18.0 16.9 30.3 
would cause the discarding of 63% of the lines in the top decile of 
genotypic values, even where the experiments were conducted in high or 
medium productivity environments 
From a practical point of view, the effectiveness of an environ­
ment for selection may be better judged by the amount of improvement in 
GYLD obtained from selecting in it. A reliable environment for selec­
tion would be the one that gave the greatest actual gain from selection. 
4. Actual gain from selection 
As judged by actual gains, selection for GYLD was successful in 
all productivity environments and for all selection intensities with 
the exception of the 90% selection intensity applied to the low produc­
tivity environment (Table 12). On the basis of actual gain efficiencies 
from individual years and mean for years, the medium productivity 
environment was the superior of the three for selection of oat lines 
Table 12. Maximum possible and actual gains (%) and efficiency of actual gain (Ef.) measured on 
genotypic values for GYLD when selection was practiced in each year in the high, medium, 
and low productivity environments and selection intensities were 10, 25, 50, 75, and 90% 
Selection intensity 
10% 25% 50% 75% 90% 
Year 
Max. 
pos­
sible Actual Ef. 
Max. 
pos­
sible Actual Ef. 
Max. 
pos­
sible Actual Ef. 
Max. 
pos­
sible Actual Ef. 
Max. 
pos­
sible Actual Ef. 
High Productivity Environment 
1983 23.7 4.5 19.0 16.8 4.0 23.8 9.9 2.3 23.2 4.9 1.4 28.6 2.3 1:3 56.5 
1984 23.7 7.6 32.1 16,8 5.6 33.3 9.9 4.5 45.5 4.9 1.6 32.6 2.3 0.8 34.8 
Mean 23.7 6.1 25.5 16.8 4.8 28.6 9.9 3.4 34.3 4.9 1.5 30.6 2.3 1.1 45.7 
Medium Productivity Environment 
1983 23.7 6.3 27.4 16.8 5.6 33.3 9.9 3.6 36.4 4.9 2.4 49.0 2.3 1.0 43.5 
1984 23.7 9.8 41.4 16.8 6.7 39.9 9.9 3.1 31.3 4.9 1.6 32.6 2.3 0.7 30.4 
Mean 23.7 8.2 34.4 16.8 6.2 36.6 9.9 3.4 34.3 4.9 2.0 40.8 2.3 0.9 37.0 
Low Productivity Environment 
1983 23.7 2.3 9.7 16.8 2.3 16.7 9.9 1.1 11.1 4.9 0.3 6.1 2.3 -0.1 -4.4 
1984 23.7 3.6 15.2 16.8 3.2 19.1 9.9 1.4 14.1 4.9 0.8 16.3 2.3 0.0 0.0 
Mean 23.7 3.0 12.5 16.8 3.0 17.9 9.9 1.3 12.6 4.9 0.6 11.2 2.3 -0.2 -2.2 
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for GYLD genotypic values and the low productivity environment was 
decidedly inferior for selection. For example, at the 10% selection 
intensity, the mean actual gain efficiencies were 34, 26, and 13%, 
respectively, for the medium, high, and low productivity environments. 
Actually, this criterion is one of the most valuable upon which 
to judge the three productivity levels for selecting for GYLD because 
actual gain is quantified relative to the maximum actual gains possible. 
In the absence of genotype x environment interaction, the actual gain 
from each environment should be equal to the maximum possible actual 
gain, but, since genotype x environment interaction does occur for GYLD, 
the values for actual gain are lower than the maximum actual gain. The 
highest actual genetic gain was 9.8%, and it occurred at the medium 
productivity environment in 1984 when a 10% selection intensity was 
applied. This value represented only 41.4% of the maximum possible 
genetic gain. The lowest actual gain efficiency was -4.4% found at the 
low productivity environment when a 90% selection intensity was applied. 
It appeared that variation in actual gain across the productivity 
environment-year combinations was more due to either year or productivity 
environment effects than to the interaction of these factors. This was 
particularly true at 10 and 25% selection intensities. Year 1984 was 
more suitable than 1983 for practicing selection. 
The averages of actual genetic gains across years showed that the 
medium productivity environment was superior to the high one and both 
were highly superior to the low productivity environment. 
Actual gains from selection based upon two years, in general, were 
greater than the corresponding averages of gains from the two years 
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(Table 13). The combined analysis gave a different pattern with respect 
to the relative worth of the three productivity environments for selec­
tion than did the averages from individual years. The highest values 
for actual gain at 10 and 25% selection intensities occurred in the 
high productivity environment. The actual yield gains when 10% selec­
tion intensity was applied were 10.8, 9.7, and 5.9% for the lines selected 
under high, medium, and low productivity, respectively. 
The ranking of environments for actual gains from selection was 
medium, high, and low productivity when selection was based upon means 
of individual years, whereas the ranking was high, medium, and low when 
years were combined before selection. This shows that actual gain in 
an individual year or location may not indicate clearly the best 
productivity environment for GYLD selection. Eagles and Frey (1974) 
found similar results. This is the consequence of genotype x year inter­
action, and it implies that actual gains should be evaluated over years 
to answer the question of which productivity environment is best for 
selection. Similar conclusions were reported by Byth et al. (1965) and 
Allen et al. (1978) who said, "genetic gain estimated from single macro-
environment data, may be seriously deficient as criteria for environments 
in which selection would be effective." 
The method I have used to compute "efficiency of actual gain" pro­
vides an index that describes the relative worth or reliability of an 
experiment for evaluating the yielding abilities of experimental lines. 
A higher value for efficiency of actual gain would indicate that an 
experiment was giving accurate genotypic evaluations and, therefore, was 
Table 13. Maximum possible and actual gains (%) and efficiency of actual gain (Ef.) measured on 
genotypic values for GYLD when selection was practiced in the high, medium, and low 
productivity environments and selection intensities were 10, 25, 30, 75, and 90% 
Selection intensity 
Produc­ 10% 25% 50% 75% 90% 
tivity Max. Max. Max. Max. Max. 
environ­ pos­ pos­ pos­ pos­ pos­
ment sible Actual Ef. sible Actual Ef. sible Actual Ef. sible Actual Ef. sible Actual Ef. 
High 23.7 10..8 45.6 16.8 8,3 49.4 9.9 3.5 35.4 4.9 2.4 49.0 2.3 1.1 47.8 
Medium 23.7 9.7 40.9 16.8 6.7 39.9 9.9 4.6 46.5 4.9 2.6 53.1 2.3 1.0 43.5 
Low 23.7 5.9 24.9 16.8 2.8 16.7 9.9 1.9 19.2 4.9 0.4 8.2 2.3 -0.2 -8.7 
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a good experiment in which to practice selection for GYLD. Of course, 
to compute indexes of efficiency of actual gain requires the availability 
of previously established genotypic values for the lines under test. 1 
had such information because the oat lines had been tested extensively 
by Adegoke and Frey (1980), but in a practical breeding program, genotypic 
values for experimental lines would not be available. There may be two 
ways, however, in which efficiency of actual gain indexes could be com­
puted for individual tests in a cultivar development program. With one 
method, the experimental lines would be tested in several environments 
simultaneously. Selection would be practiced in one environment, say at 
the 25% selection intensity, and an efficiency of actual gain index would 
be computed by using the line means from the other experiments as the 
genotypic values. The same process could be repeated for a second 
environment, and a third, etc. One could either use the environment 
with the highest index for making selection or eliminate one or more 
environments with low indexes and use line means from the remaining 
environments for selection. It is unlikely that a plant breeder would 
use this procedure, however, because it would be too costly to evaluate 
untested experimental lines in several environments. A possible com­
promise could entail the use of a set of check lines, say 10 in number, 
in every experiment grown. Genotypic values would be established for 
them over years and testing sites. Efficiency of actual gain indexes 
could be computed for individual experiments by practicing selection on 
the checks, say with a 30% selection intensity. Empirical results would 
tell at what index level an experiment should be discarded. 
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My study shows that when actual gain from selection is used as the 
criterion to evaluate environments, the high productivity one was slightly 
superior to the medium productivity environment and the low productivity 
one was very inferior. These results coincide with those reported by 
Vega and Frey (1981) for oats and Quisenberry et al. (1980) for upland 
cotton. However, Frey (1964) found almost equal progress in mean yield 
of oat lines from selection in stress and nonstress conditions, and Byth 
et al. (1969) found no difference in the actual gain of soybeans when 
selection was carried out in three different productivity environments. 
Actual genetic gain is a direct measure of the success from selec­
tion in different productivity environments. The expected genetic gain, 
however, is a predictive statistic that estimates the probable genetic 
gains from the selection in different productivity environments. If 
estimates of this statistic coincide closely to actual gains, it would 
be useful because it can be computed without having genotypic values for 
experimental lines. 
5. Expected and actual gain from selection 
The fifth method for comparing the values of the three productivity 
environments for selection involved the computing of expected genetic 
gain from selection for GYLD. The validities of the expected genetic 
gains were tested by comparing them with comparable actual genetic 
gains. Expected genetic gain was computed as the product of standard-
unit heritability and selection differential and was expressed as a 
percentage of the population mean. Standard-unit heritability for an 
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environment was estimated by correlating genotypic values for the lines 
with the corresponding GYLDs from the environment. 
All productivity environment-year-selection intensity combinations 
gave positive expected genetic gains (Table 14). Generally, the expected 
gains were as great as or greater than the actual gains in the high and 
medium productivity environments. Exceptions occurred at the 50 and 75% 
intensities in the high and medium productivity environments, respectively. 
In the low productivity environment several cases existed where the 
actual gains were superior to the expected ones. When averaged across 
years, expected gain was greater than actual gains in all instances 
except the 25 and 90% selection intensities in the low and high produc­
tivity environments, respectively. Means of expected gains from selec­
tion were highest for the medium productivity environment and least for 
the low productivity one. 
Differences between expected and actual gains occur because the 
heritability estimates used to compute expected gains are biased upward 
by genotype x environment interaction (Rasmusson and Glass, 1967; 
Shabana et al., 1980). Generally, in my study, differences between 
expected and actual genetic advances were not substantial, which coincides 
with the results reported by Prey and Horner (1955) and Pesek and Baker 
(1971). The largest discrepancies occurred in the high productivity 
environment in 1983, and as mentioned earlier, this experiment probably 
was aberrant because it was sown late. Neither expected nor actual 
gains from selection were very high in the low productivity condition. 
Table 14. Expected genetic gains in GYLD (%) from selection intensities of 10, 25, 50, 75, and 90% 
applied in each year in the high, medium, and low productivity environments and the cor­
responding actual gains (%) based on the genotypic values 
Year 
10% 25% 
Selection intensity 
50% 75% 90% 
Expected Actual Expected Actual Expected Actual Expected Actual Expected Actual 
1983 
1984 
Mean 
8.4 
9.3 
8.9 
4.5 
7.6 
6 . 1  
High Productivity Environment 
6.1 4.0 3.6 2.3 
6 . 6  
6.4 
5.6 
4.8 
4.0 
3.8 
4.5 
3.4 
2 . 1  
2 . 0  
2 . 1  
1.4 
1 . 6  
1.5 
1 . 0  
1 . 0  
1 . 0  
1,3 
0 . 8  
1 . 1  
1983 
1984 
Mean 
10.7 
9.8 
10.3 
6.5 
9.8 
8 . 2  
Medium Productivity Environment 
7.8 5.6 4.8 3.6 
6.7 
7.3 
6.7 
6 . 2  
4.1 
4.5 
3.1 
3.4 
2.3 
2 .0  
2 . 2  
2.4 
1 . 6  
2 . 0  
1 . 1  
0.8  
1 .0  
1 . 0  
0.7 
0.9 
1983 
1984 
Mean 
3.9 
3.1 
3.5 
2,3 
3.6 
3.0 
Low Productivity Environment 
2.8 2.8 1.7 1.1 
2.3 
2 . 6  
3.2 
3.0 
1.4 
1 . 6  
1.4 
1.3 
1 .0  
0.8  
0.9 
0.3 
0 . 8  
0 .6  
0.4 
0.4 
0.04 
- 0 . 1  
0.0 
- 0 . 1  
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Expected genetic gains based on individual years or means across 
years showed the medium productivity environment the best one for selec­
tion and the low productivity one was poorest. Expected genetic gain 
computed from analyses in which years were combined ranked the environ­
ments similarly (Table 15). 
When years were combined, the actual gain from selection were sub­
stantially greater than the expected gains at the 10 and 25% selection 
intensities in the high and low productivity environments. Such positive 
deviations indicated that in these productivity levels poor genotypes 
were being evaluated as good ones, or good genotypes were being evaluated 
as poor ones due to a positive or negative environmental effect. Actual 
gains were estimated free of genotype x environment effects because they 
were computed from genotypic values for the lines. 
My study suggests that expected gain from selections is not a good 
statistic for evaluating environments for selection especially when they 
have marked differences in productivity levels. A similar situation was 
reported by Shabana et al. (1980). However, expected gain from selection 
was used successfully by Braaten et al. (1962) to evaluate new strategies 
for selection, by Rasmusson and Glass (1967) to evaluate different test­
ing procedures, and by Frey (1968) to compare different selection schemes. 
Byth et al. (1969) and Eagles and Frey (1974) found that expected and 
actual gains did not necessarily rank selection procedures identically 
when large differences in grain yield potential existed. In contrast, 
Vega and Frey (1981) found that heritability and expected and actual 
gains ranked the high, medium, and low productivity levels similarly 
Table 15. Expected genetic gains in GYLD (%) from selection intensities of 10, 25, 50, 75, and 90% 
applied in the high, medium, and low productivity environment and the corresponding actual 
gains (%) based on the genotypic values 
10% 25% 
Selection intensity Produc-
tivity 
environment Expected Actual Expected Actual Expected Actual Expected Actual Expected Actual 
50% 75% 90% 
High 
Medium 
Low 
8.4 10.8 
10.3 9.7 
3.5 5.9 
6.0 8.3 
7.2 6.7 
2.3 2.8 
3.9 3.5 
4.5 4.6 
1.5 1.9 
2 . 1  
2.3 
0 . 8  
2.4 
2 . 6  
0.4 
1 . 0  1 . 1  
1 . 0  1 . 0  
0.4 -0.2 
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for selection. Another aspect that questions the value of expected gain 
for evaluating the capacity of the different productivity environments 
for selection is that this statistic exaggerated the relative values of 
the environments for selection. Differences based on actual gain of 
genotypic values showed that the high productivity environment was superior 
to the medium and low ones by 11 and 83%, respectively, and the medium was 
superior to the low by 64%; however, the respective superiority based on 
expected genetic gain was -18, 140, and 194%. These results confirm those 
of Allen et al. (1978) who reported that expected gain exaggerated the 
relative differences between productivity environments. Also, Eagles 
and Frey (1974) found that the expected gains invariably overestimated 
the actual ones. These considerations and results suggest that when 
environments with different productivity capacities are compared for 
their values for selection, actual gain rather than the expected gain 
should be the criterion used for judgment (e.g., Comstock and Moll, 
1963; Byth et al., 1969; Shabana et al., 1980). 
If the coincidence of expected and actual gain was used as a cri­
terion to evaluate environments for selection, the best environment 
would be the low one. By all other criteria, this productivity level 
was much poorer than the high and medium productivity environments. 
In summary, expected genetic gain discriminated the high and 
medium productivity environments as being better than the low one which 
corroborates the results reported by Johnson (1967), Vela-Cardenas and 
Frey (1972), and Vega and Frey (1981). Allen et al. (1978) found no 
indication that high yield environments were superior for selection in 
oats. 
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6. Variance component heritability 
The criteria used previously to evaluate the different productivity 
environments for selection were based on having prior knowledge about the 
genotypic values of the oat lines. A procedure for evaluating environ­
ments for selection that is independent of knowledge of genotypic values 
is heritability (H) estimated from genetic component of variance. This 
statistic quantifies the percentage of total variation among phenotypes 
that is due to genetic effects, and the most efficient environment for 
selection would be the one with the highest H value because it would 
maximize genetic gain from selection. 
Genotypic and environmental variances and heritabilities for each 
productivity level in 1983 and 1984 are shown in Table 16. Genotypic 
variances all were highly significant except in the low environment in 
1984. The magnitudes of genotypic and environmental variances were 
associated with the environmental means for GYLD. This relationship 
is common (Johnson and Frey, 1967; Vela-Cardenas and Frey, 1972; Allen 
et al., 1978). The H values ranged from 4 to 23% for the low produc­
tivity environment, but in the high and medium environments, they were 
consistently about 19 and 16%, respectively. This suggests that H 
values were increased by reduced stress (Johnson and Frey, 1967). 
From the combined analyses over years for each productivity environ­
ment, it was possible to assess how much of the genotypic variance was 
really due to genotype x environment interaction (Table 17). About 40, 35, 
and 37% of the variation observed among the genotypes in a single test were 
due to genotype x year interaction in the high, medium and low productivity 
Table 16. Genotyplc (Oq) and environmental (Og) variance components and heritability (H) percentages 
of GYLD for each year in the high, medium, and low productivity environments 
Productivity environment 
High Medium Low 
Year .r H 8% e H 4 H 
1983 47.7** 211.2 18.4 37.3** 202.9 15.5 18.7** 63.5 22.7 
1984 61.4** 263.1 18.9 43.2** 211.7 17.0 3.4* 74.7 4.4 
Mean 54.6 237.2 18.7 40.3 207.3 16.3 11.1 69.1 13.6 
Multiplied by 10 
* Significant at 1 and 5% levels, respectively. 
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Table 17. Genetic (.Og), genetic x year (ôgy). and environmental (âg) 
variance components and heritability (H) percentages for the 
high, medium, and low productivity environments 
Variance component 
Productivity 
environment g 
$2* 
gy e 
H 
High 32.6** 22.0** 237.2 11.2 
Medium 26.1** 14.2* 207.4 10.5 
Low 6.9** 4.1* 69.1 8.6 
Multiplied by 10 -3 
' Significant at 1 and 5% levels, respectively. 
environments, respectively. The importance of the interaction variance 
in the high productivity environment probably would have been lower if 
a normal planting date had been possible in 1983. However, genetic vari­
ances always were larger than their interaction variance counterparts, 
but the interaction variances all were significant. Variance 
component heritabilities from the combined analyses always were lower 
than comparable heritabilities averaged over years which is additional 
evidence for the importance of genotype x environment interaction. The 
highest H values of 11% occurred in the high and medium productivity 
environments. However, the value of 9% for the low productivity environ­
ment was not substantially different from the other two. 
To evaluate the contribution of genotype x productivity level 
interaction, variance components and H values were estimated from analysis 
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across locations within each year and for all six experiments (Table 18). 
In both years, the genetic variances were highly significant and larger 
than the variances due to genotype x location interaction, this interac­
tion accounted for 39 and 48% of the genotypic variances within 1983 and 
1984, respectively. This suggests that the contribution from genotype x 
productivity level interaction to the genotypic variance among lines was 
slightly greater than the contribution from the genotype x year interac­
tion. This is confirmed in the completely combined analysis where vari­
ance components for the interactions due to genotypes x productivity 
levels and genotypes x years were 11.4 and 9.5, respectively. The H 
value from the completely combined analysis was only 5%. 
These results showed that the greatest genotypic differentiation 
for GYLD and thus the higher H values were associated with higher produc­
tivity environments. Therefore, selection for genotype yielding 
capacity should be more effective under high or medium productivity 
conditions than in the low productivity environment. Similar results 
were reported for oats by several authors (e.g., Frey, 1964; Vela-Cardenas 
and Frey, 1972; McNeill and Frey, 1974; Vega and Frey, 1981), but Allen 
et al. (1978) found no differences between unfavorable, intermediate, and 
favorable environments for H values. 
H ranked the productivity environments in the same way as did actual 
gain from selection, but the relative values of the three environments 
were not properly quantified by heritability. The superiority of the high 
productivity environment with respect to the medium and low, and the 
medium with respect to the low were 11, 83, and 64%, respectively, when 
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^2 2 2 
Table 18. Genetic (Og), genetic x year (&gy), genetic x location (ôgL)» 
and environmental variance (a|) components and heritability 
(H) percentages for three different combinations of environments 
Environ­
ment com­
bination g 
Variance component 
gL gy gLy 
53-K3-C3 
54-K4-C4 
All 
21.0** 
18.9** 
10.5** 
13.6** 
17.1** 
11.4** 9.5** 4.0 
159.2 
183.2 
171.2 
10.8 
8 .6  
5.1 
Multiplied by 10 
** 
Significant at 1% level. 
when actual genetic gain was the criterion of evaluation, but they were 
only 7, 30, and 22%, respectively, when heritability was used. Therefore, 
H may not be a good criterion to evaluate environments for selection. 
The relatively high contributions of genotype x year and genotype x 
productivity level interactions to the genotypic variance among lines 
indicated the importance for selection to be based on results from several 
tests. 
7. rv^  evaluation coefficient 
The seventh method I used to assess the worth of the productivity 
environments for selection was that proposed on theoretical grounds by 
Allen et al. (1978). 
The ranking of the environment according to this statistic (Table 
19) follows a similar pattern to when the ranking of the environments 
54 
Table 19. rvW coefficients for each year and over years for the high, 
medium, and low productivity environments 
Productivity environments 
Year High Medium Low 
1983 0.14 0.15 0.04 
1984 0.17 0.14 0.02 
Combined 0.14 0.14 0.03 
was based upon correlation coefficients (Table 5). This suggests that 
variation in test environments is more closely related to the variation 
in the correlation coefficient than to the different magnitudes of the H 
estimates. 
This criterion of assessment showed that high and medium productivity 
level were better than low productivity environment for the evaluation 
of superior genotypes. 
The seven methods I used to compare the relative efficiencies of 
the high, medium, and low productivity environments for GYLD selection 
when applied upon two years of data showed that the low productivity 
environment was the least reliable. But no substantial differences were 
detected between high and medium productivity levels when they were 
evaluated via correlations, heritabilities, or rvW coefficients. Also, 
a similar performance of high and medium productivity environments was 
observed when they were evaluated according to the ability to identify 
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the same high yielding oat lines in both years. Actual genetic gain in 
GYLD, with a 10% intensity, showed the high productivity environment was 
slightly superior to the medium one, and the percentages of lines re­
tained from the top decile and quart!le in genotypic values also was 
greater in the high than in the medium productivity environment. 
The expected genetic gain did not rank the environments in the same 
way that actual gain did, and because it exaggerated the relative dif­
ferences between productivity environments, the reliability of this 
statistic to evaluate environments with different productivity capacity 
is questioned. 
B. Cost Efficiency of Selection in Different 
Productivity Environments 
To assess the monetary cost effectiveness per unit of genetic gain, 
the cost estimates per plot were obtained. The proportion of cost per 
plot assigned to the four categories of research activity—a) preparation 
for planting; b) sowing, plot care, and harvesting; c) travel; and d) 
threshing, data collection, and computation—were 20, 37, 25, and 18%, 
respectively. The total cost per plot, $1.99, was estimated on the basis 
of 1296 plots per productivity environment-year combination, and actual 
GYLD improvements in the high, medium, and low productivity environments 
were computed on the basis combining data over two years. Five selection 
intensities, 10, 25, 50, 75, and 90%, were used and the actual gains in 
genotypic values (kg ha by these intensities of selection are given in 
Table 20. The greatest actual gain was obtained in the high productivity 
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Table 20. Actual gains (kg ha ) on genotypic values for GYLD by using 
10, 25, 50, 75, and 90% selection intensities on high, medium, 
and low productivity environments 
Productivity Selection intensity 
environment 10% 25% 50% 75% 90% 
High 258 198 83 57 27 
Medium 232 160 111 61 25 
Low 141 108 46 9 -5 
environment when 10 and 25% of selection intensities were applied, but 
when 50 and 75% intensities were applied the greatest gains occurred in 
the medium-productivity environment. The low productivity environment 
gave the lowest GYLD improvement at all the selection intensities. 
The cost of conducting the experiments over two years for each 
productivity environment was $5,158. The costs per unit of genetic gain 
(1 kg ha for the five selection intensities used in each of the produc­
tivity environments are given in Table 21. When the 10% selection 
intensity was applied, the cost per unit of GYLD gain was almost twice 
as expensive in the low productivity environment than in the high produc­
tivity environment, i.e., $36.63 vs. $19.19 per unit of gain, and 1.65 
times more in the low than in the medium productivity environment. 
Therefore, when the cost per unit of gain is considered in the analysis, 
the best environment for selection was the high productivity one. It 
was 11% more efficient than the medium productivity environment. 
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Table 21. Cost ($) for one kg ha of genetic gain when 10, 25, 50, 75, 
and 90% intensities were used to select GYLD of oats in the 
high, medium, and low productivity environments 
Productivity Selection intensity 
environment 10% 25% 50% 75% 90% 
High 19.99 26.08 63.30 90.49 191.75 
Medium 22.21 32.20 46.60 84.14 208.83 
Low 36.63 47.72 111.65 599.78 
Studies have been conducted to optimize costs of testing in terms of 
the number of replicates and number of samples per plot (Frey, 1953; 
Havey and Frey, 1978) and to maximize expected genetic advance through 
manipulating numbers to years, locations, and replications (e.g., Jones 
et al., 1960; Kalsikes, 1971; Russell et al., 1978). Each of these 
factors has a different cost input, so they are manipulated so as to 
maximize the cost efficiency to make a certain level of progress from 
selection (Sprague and Federer, 1951). However, no study appears in 
the literature that considers the cost effectiveness of selection when 
the degree of stress in the evaluation environment is a variable factor. 
Studies of this nature need to be conducted because limited resources 
are available for agricultural research, especially in developing 
countries. In developing countries, the economic conditions require a 
minimum investment in research, and therefore, the optimizing cost 
efficiency of research is a necessity. 
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Several aspects of this study were unique in investigating the rela­
tive values of the high, medium, and low productivity environments for 
selection of oat lines superior for GYLD. 
First, natural environments were used which could be defined as high, 
medium, and low productivity based on long-term oat yield records. In 
contrast, Johnson and Frey (1967) and Vela-Cardenas and Frey (1972) used 
artificial environments. McNeill and Frey (1974) used natural environ­
ments, but they did not classify their productivities according to long-
term oat yield records, but rather upon the GYLD means obtained in the 
test years. Thus, Sutherland in 1967 was classified as high productivity 
environment, but in 1968 was classified as low one. 
Second, the genotypic values of the oat lines were known from their 
performance in 12 environments in 1978, and these genotypic values were 
used to evaluate the productivity environments for their worth for selec­
tion; therefore, very reliable evaluations of the productivity environments 
were possible. 
Third, because the genotypic values of the oat lines were known, it 
was possible to evaluate the validity of some criteria commonly used for 
comparing the relative values of selection procedures. 
Fourth, I could practice selection of superior lines in each environ­
ment in two consecutive years, which allowed the estimation of the 
capacity of each productivity environment for selecting the same lines 
in different years. 
Fifth, the genotypic values and the evaluation environments were 
separated in time. In contrast, Shabana et al. (1980) carried out their 
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experiments in only one year and they randomly subdivided the experi­
ments into those for selection and those for evaluation; therefore, all 
environmental conditions were associated with one year and this probably 
biased the heritability estimates upward. 
Sixth, a rather precise estimation of the cost involved in this 
study permitted me to evaluate the cost of making equal genetic gains 
in GYLD when testing was done at high, medium, and low productivity 
environments. 
In the future, it would be interesting to estimate the optimum 
number of replicate, location, and year combinations that will make the 
maximum genetic advance for a fixed cost in each productivity environment. 
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V. CONCLUSIONS 
The most efficient productivity environment for selection from three 
levels, high, medium, and low, was investigated by using statistics mean­
ingful to plant breeding and, furthermore, considered the cost involved 
in the selection procedure. 
When evaluated upon line genotypic values with selection at a 10% 
intensity, actual gains in GYLD were 10.8, 9.7, and 5.9% (Table 20) for 
high, medium, and low productivity environments, respectively. This result 
suggests that selection for superior yielding genotypes would be more effec­
tive when practiced over years in a high or medium productivity environment. 
The percentage of lines in the top decile for GYLD genotypic values 
that were retained in each environment showed that the high productivity 
environment was best. Selecting at this productivity level was 50 and 
25% more efficient than selecting in the medium productivity environment 
when 10 and 25% intensities were used, respectively, and twice as effi­
cient as selection in the low one= 
The high productivity environment did not select any of the lines 
ranked in the top decile in genotypic values in both years of testing. 
This resulted because the high productivity environment was sown at a 
late date in 1983 which caused a large genotype x environment interaction. 
However, the high productivity environment did show the lowest probability 
of selecting in both years those lines that did not occur in the top 
decile of genotypic values. The probability of selecting lines not in 
the top decile was 2.5 and 5 times lower than the probability calculated 
for the medium and low productivity levels, respectively. The probability 
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of discarding lines in both years that ranked in the top decile in geno-
typic values was 1.25 times greater in the lower than in the high or 
medium productivity environments. Therefore, high and medium productivity 
environments were the most efficient for selecting the truly high yielding 
genotypes. 
The magnitudes of the correlations between genotypic values for GYLD 
and GYLDs of the lines determined in the different productivity environ­
ments indicated that selection would be more successful in the high and 
medium productivity environments. 
The H values estimated from variance component analysis were directly 
associated with the environmental means for GYLD, indicating that selec­
tion for genotype yielding capacity should be more efficient when prac­
ticed in high or medium productivity environments. 
The assessment of the productivity environments for selection by 
using rv^  statistic showed that high and medium productivity levels are 
better than low one for the evaluation of superior genotypes. 
Expected genetic gain discriminates the high and medium productivity 
environments as being the better for practicing selecting. My study sug­
gested that expected genetic gain from selection and H estimates are not 
good criteria for evaluating environments for selection, especially when 
there were marked differences in productivity levels. 
The evaluation of the productivity environments for selection from 
the standpoint of the cost of the unit of genetic gain showed that select­
ing in the low productivity environment is 2 and 1,65 times more expensive 
than selecting in the high and medium, respectively. Therefore, when an 
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economic criterion is considered, the 
is the high productivity one. It was 
productivity environment. 
best environment for selection 
11% more efficient than the medium 
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